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S W E S  FORMED BY STRFAM SURFACES OF CONICAL FLOWS 

G. I. Maykapar 

Analysis showing t h a t  current surfaces of supersonic 
flows pas t  cones a t  zero angle of a t tack can be used t o  
construct a wide c lass  of shapes f o r  which the aerodynamic 
c h a r a c t e r i s t i c s  a re  easy t o  determine. The l i n e s  of in- 
t e r s e c t i o n  of the nose shocks form the edges of these 
shapes. A s  d i s t i n c t  from shapes obtained with the aid of 
current surfaces  behind plane shocks, the cross sect ions 
of the shapes under consideration vary along t h e i r  length.  

The a r t i c l e  shows t h a t  stream surfaces of supersonic flows near cones a t  /126* 
an angle of a t tack  can be used t o  construct a r a t h e r  wide c l a s s  of bodies whose 
shape and aerodynamic charac te r i s t ics  can e a s i l y  be computed. The i n t e r s e c t i o n  
l i n e s  of head shocks a re  the r i b s  of the body. Unlike bodies which are  con- 
s t ruc ted  by means of stream surfaces behind the plane shocks, the transverse 
cross sect ions of the  considered bodies vary along t h e i r  length. 

The calculat ions of flow pas t  three-dimensional bodies i s  a r a t h e r  d i f f i -  
c u l t  problem and, t o  date ,  have been carried out f o r  a small number of p a r t i c -  
u l a r  cases. 
which can be carr ied out without cumbersome computations, a re  of s ignif icance,  
even i f  these bodies do  not have a d i r e c t  p r a c t i c a l  appl icat ion.  
t ions  make it possible t o  carry a cer ta in  analysis  on the  e f f e c t  of shape on 
the aerodynamic charac te r i s t ics ,  of the se lec t ion  of optimum solut ions,  e t c .  
The author has proposed e a r l i e r  the u t i l i z a t i o n  of plane shock f r o n t s  and a 
system of plane compression shock f ronts  f o r  t h i s  purpose ( r e f .  1). The r i b s  
of the  bodies constructed i n  t h i s  manner serve as the i n t e r s e c t i o n  l i n e s  f o r  
the shocks, and the shock i n t e r s e c t i o n  l i n e s  may a l s o  be s i tua ted  i n  the flow 
(ref. 2) o r  on the surface of the body. 

Therefore the calculat ion of three-dimensional flow around bodies, 

Such calcula- 

It i s  shown below t h a t  a r a t h e r  large c l a s s  of bodies with pointed leading 
edges can be constructed by means of stream surfaces of a x i a l l y  symmetric flows 
behind the conic compression shocks. 
whose equations are  as  follows: 

Let us consider 2 conic shocks ( f i g .  1) 

The project ion of the in te rsec t ion  l i n e  f o r  these shocks on the xy plane 
i s  obtained from system (1) 

* 
Numbers given i n  margin indicate  pagination i n  o r i g i n a l  foreign t e x t .  
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It can be seen from (2) t h a t  the intersec-/127 
t i o n  l i n e  w i l l  be a plane curve i n  the  case 
when the cones are  the same (q=~~) while i n  

the remaining cases it will be a curve on the 
surface of a parabolic cylinder. The slope of 
the shock in te rsec t ion  plane i s  equal t o  

, 

(3)  dy - t g a o  - ___ 
dx tg6 

I '  and the in te rsec t ion  l i n e  i s  a hyperbola. I 
Figure 1. 

stream l i n e  slope angle 
ship increases  with M,. 

To construct the stream l i n e s  of conic 
flow approximately, we make use of the s i tua-  
t i o n  t h a t  there  i s  a l i n e a r  re la t ionship  i n  the  
difference between the polar  angle 8 and the 

I 

8 as a function of 8-8'.  The accuracy of t h i s  r e l a t i o n -  
Assuming t h a t  

we  obtain the  following f o r  the stream l i n e  

Now as an example l e t  us consider bodies which are  formed by stream sur- 
faces behind i d e n t i c a l  conic shocks. 

Figures 2 and 3 show a body which i s  symmetrical with respect t o  the 
planes xy and xz f o r  the  case when xo=O, €Jo=150 and Me3 .  The dot-dash l i n e s  

i n  t h i s  f igure  and i n  the following f igures  show the conic shocks. The leading 
p a r t  of the  body i s  close i n  shape t o  a symmetric wing with segmented p r o f i l e  
( f i g .  2 ) .  A s  we move away from the nose the transverse cross sect ion 

Figure 2 .  Figure 3. 
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assymptotically approaches a c i r c l e  w i t h  
plane meridional r i b s  ( f i g .  3 ) .  (The 
t a b l e s  presented i n  reference 3 were used 
t o  compute e-c.) 

The displacement of the apex of one 
of the  cones (6=317') leads t o  the assym- 
metry of the  body with respect  t o  the xz 
plane ( f ig .  4 ) .  However the l i f t  force 
of such a body w i l l  be close t o  0 due t o  
i d e n t i c a l  conic shocks which determine the 
pressure on t h e  upper and lower surfaces 
of t h e  body. The lower surface of the  
body can be looked upon as the lower surface of the wing whose plan form i s  
close t o  t h a t  of a t r i a n g l e .  I f  the apexes n of i d e n t i c a l  conic shocks are  ar- 
ranged a t  the apexes of an e q u i l a t e r a l  polygon i n  the plane yz the i n t e r s e c t i o n  
l i n e s  of the  adjoining shocks w i l l  form n r i b s  of the  body with a "s ta r"  cross 
sect ion.  Figures 5 and 6 show bodies corresponding t o  eo=l5O, M,=3 and n=3 and 

Figure 4. 

4, while f i g u r e  7 shows those corresponding t o  G0=l50, M,=7 and n=3. 

Unlike the simplest  bodies constructed by means of plane shocks, the  con- 
sidered bodies have cross sect ions whose shapes vary along the length and as- 
symptotically approach a c i r c l e  with r a d i a l  r i b s  as we move away from the 
nose. 

Figure 5.  

Figure 6. Figure 7. 

3 



NASA TT F-10,484 

REFERENCES 

I 1. Maykapar, G.  I. 0 volnovom sopro t iv len i i  neosesimmetrichnykh t e l  v sver- 
I 

khzvukovom potoke (On the Wave Drag of Nonaxially Symmetric Bodies i n  
Supersonic Flaw). PMM, Vol. 23, No. 2 ,  1959. 

2. - - - 0 postroyenii  sverkhzvukovogo techeniya obtekaniya tverdykh t e l  p r i  
pomoshchi ploskikh skachkov uplotneniya (On the Construction of Super- 
sonic Flow around Solid Bodies by Means of Plane Compression Shocks). 
I z d .  

Prostranstvennoye obtekaniye gladkikh t e l  ideal'nym gazom (The Three- 
dimensional Flow of an I d e a l  Gas around Smooth Bodies). Moscow, Izd. 
Nauka, 1964. 

SSSR, Mekhanika i mashinostroyeniye, No. 5 ,  1964. 
3. Babenko, N. I . ,  Voskresenkiy, G. P., Lyubimov, A. N .  and Rusanov, V. V. 

Translated f o r  t h e  National Aeronautics and Space Administration 
by John F. Holman and Co. Inc.  

4 



b 

f ’  
I. 

A66-24438 # . /  

* .  . 
- - - G. I. %*par. 

,, Akademiia Nauk SSSR, Izvestiia, Mefianika Zhidkosti i Caza, 
= r  Jan. -Feb. 1966, p. 126, 127. In Russian. 

Analysis showing that eurfaces of supersonic flowr 
8 

past cones at zero  angle of attack can be used to construct a wide 
class of shapes for  which the aerodynamic characterist ics a r e  easy  
to determine. 
the edges of these shapes. As distinct f rom shapes obtained with 
the aid cf current surfaces behind plane shocks, the c ross  sections 
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The lines of intersection of the nose shocke form 

8 of the shapes under consideration vary along their  length. 
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